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ABSTRACT. 
duodenum by isotonic,  hypotonic, and hypertonic N a C l  solu- 
t ions i n  dependence on t h e i r  molecular concentration, as wel l  
as the  functioning of t he  pyloric sphincter i n  the presence 
of such solutions, a r e  discussed. Ehperiments with aspira- 
t i o n  of gas t r i c  juice and removal of duodenal juice through 
a fistula showed t h a t  isotonic solutions pass rapidly through 
the pylorus without undergoing major changes; hypotonic solu- 
t ions  are evacuated l e s s  rapidly and show greater  changes the  
f a r the r  they are from i so tow;  hypertonic solutions produce 
excessive delay of gas t r i c  evacuation i n  proportion with the  
concentration. Apparently, the more strongly hypertonic the  
absorbed solution, t h e  more Will i ts  pylor ic  evacuation be 
retarded. Various values f o r  t h e  regulatory r e f l ex  A of the  
pyloric sphincter a r e  determined and l i s t ed .  

Studies on the changes suffered i n  stomach and 

We carr ied out studies on the  osmotic and chemical changes i n  the  stomach 
and duodenum, suffered by various sal ine solutions as a function of t h e i r  
molecular concentration, as well as studies on the  functioning of the  pylor ic  
sphincter i n  the  presence of such solutions 

The technique used i n  the  experiments consisted i n  a ser ies  comparison, a t  
regular intervals ,  of the  gas t r i c  ju ice  removed by esophageal probe with the  
duodenal juice collected d i r e c t l y  through a f i s t u l a .  

The duodenal fistula was  made i n  two steps:  First the  port ion of the  rn 
duodenum subjacent t o  the  Vater ampul la  i s  attached t o  the r igh t  dorsa l  w a l l  
t o  which it i s  anatomically contiguous. A puncture, made several  days later 
a t  the  l e v e l  of t he  adhesions, permits a d i r e c t  introduction i n t o  the duodenum 
of a small-caliber glass  probe which aspires  the duodenal juice as soon as 
formed. After removing the  probe, the  fistula closes spontaneously because of 
i t s  small dimensions and i t s  dorsal  location, without necessitating any mechani- 
c a l  occlusion and without leaving any permanent seepage. Re-introduction of the  
probe i s  ra ther  easy and can be repeated indef in i te ly .  
have kept a l ive  and i n  excellent health f o r  four months a dog i n  which we te rn  
porar i ly  re-established the  f i s t u l a  about every two days. T h i s  method has the  
advantage of approaching noma1 conditions since i n t e g r i t y  of the  digest ive 
t r a c t  i s  maintained. 

With this method, we 

$5 Numbers i n  the  margin indicate  pagination i n  the  foreign text. 
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The observed phenomena d i f f e r  depending on whether t h e  NaCl solutions - t h e  
P only ones t o  be disexssed here - have a molecular concentrztion equal to, lower 

than, o r  higher than t h a t  of t h e  humors of the organism. 

b The isotonic  solutions pass rapidly through the  pylorus without undergoing 
noticeable changes; immediately after introduction of the  l iqu id  i n t o  the  
stomach, the pylor ic  sphincter opens abruptly fo r  a very short  time and i n  close 
succession, with each opening projecting a wave of l iqu id  i n t o  the  duodenum and 
i n t o  t h e  cannula. From the very f i rs t  minute, a se r i e s  of e jaculat ion of f l u i d  
i s  observed, corresponding t o  the  ser ies  of pylor ic  openings. I n  addition, the  
gas t r i c  juice passes rapidly i n t o  the  duodenum; i n  one experiment, t he  introduc- 
t i o n  of 200 cc of a '7%, N a C l  solut ion in to  the  stomach resul ted i n  the  elimina- 
t i o n  of 106 cc through t h e  duodenal fistula during the first minutes and of 
62 cc during the  next f ive  minutes, without noticeable changes i n  osmotic pres- 
sure  o r  i n  chlorine content. 

The hypertonic solutions are evacuated less rapidly and undergo more ex- 
tensive changes the  fa r ther  away they are  from isotony. Whereas, already with 
weakly hypotonic solutions ( for  example, 5/1000 solution),  a l e s s  rapid and 
shor te r  pylor ic  evacuation is observed than with a '7% solution, t h e  phenomenon 
becomes even more pronounced with strongly hypotonic solutions and, specif ical ly ,  
with d i s t i l l e d  water. 
quent and the  pylorus opens less often. 
protracted; nevertheless, i t  proceeds with r e l a t ive  rapidi ty .  
molecular concentration take place t o  a small extent i n  the  stomach and t o  a 
l a rge r  extent i n  the duodenum. I n  fac t ,  immediately a f t e r  gas t r i c  ingestion, a 
rather abundant secret ion of b i l e  and pancreatic juice i s  observed, which t i n t s  
t h e  f l u i d  yellow and enables it t o  digest  albumin. T h i s  addi t ion has the  r e su l t  
of d i s t i n c t l y  increasing the  molecular concentration and the  chlorine content of 
t h e  duodenal juice.  
duration of the  duodenalpassage o r  takes place only a t  the  beginning and at the  
end. 
nomenon was ever observed with hypertonic solutions.  

I n  this case, the jets of f l u i d  e jec t ion  a re  less fre- 

The changes i n  
Gastric evacuation i s  retarded and 

/175 

The bil iary secretion e i t h e r  continues during t h e  e n t i r e  

The significance of this finding l i es  i n  the f a c t  t h a t  no similar phe- 

To define the  respective significance of the  stomach and the  duodenum i n  
establ ishing molecular equilibrium w i t h  t h e  body f luids ,  we w i l l  give a f e w  
data  obtained i n  an experiment i n  which 200 cc d i s t i l l e d  water had been intro-  
duced i n t o  the stomach; the A of t h e  l iquid aspired from the  stomach which or igi-  
na l ly  had a. value of 0' became -0.04' a f t e r  5 min and -0.18' after 30 min; the 
chlorine content which was zero at  the  beginning became 0.02% a f t e r  5 min 
and 0.&5% a f t e r  30 min. Conversely, the A of the  duodenal juice evacuated 
through the  fistula successively became -0.28', -0.18', -0.15', 0.22', -0.30° 
with the  chlorine content being 0.1&%, 0.113%, 0.095%, 0.138%, 0.216%. The 
var ia t ions i n  these f igures  follow the var ia t ions i n  color and a re  mainly due 
t o  t h e  addition of b i l e  t o  the  various f lu ids .  

Summarily, hypotonic solutions are  evacuated with a ce r t a in  delay and 
undergo a change i n  the  sense of isotony without, however, ever reaching it 
completely. Apparently, t he  organism has some d i f f i c u l t y  t o  supersaturate a 
noticeable amount of f l u i d s  with salts, even with the a id  of bil iary and pan- 
c rea t i c  secretions;  it might a l so  be t h a t  t he  in t e s t ine  t o l e r a t e s  t he  s l i g h t  
difference i n  concentration observed i n  hypotonic l iquids ,  which f a c i l i t a t e s  
t h e i r  absorption. 
2 
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Hypertonic solutions exhibi t  
evacuation i s  delayed fur ther  and 
of these solutions;  t h e i r  osmotic 
more readi ly  and more rapidly. 

I 
b 

muchmore pronounced phenmena: The gas t r i c  
prolonged i n  proportion t o  the  concentration 
equilibrium with the  body f l u i d s  i s  established 

Weakly l-gpertonic solutions have an ac t ion  close t o  tha t  of isotonic  solu- 
t ions:  The pylor ic  evacuation i s  s l i g h t l y  delayed and prolonged; the  l iqu id  
i s  d i lu ted  i n  the stomach and i n  t h e  duodenum, with i t s  concentration approach- 
ing isotony. With a 20%0 solution, the pylor ic  evacuation starts only  a f t e r  
8 min, proceeds very slowly, and takes 45 nin; t he  A drops successively from 
-1.&' t o  -1.13'; -1.11'; -0.99'; -0.9?0; -0.81'; -0.71'. The chlorine which 
had been 10.65 per  l i t e r  decreases progressively t o  9.23; 8.52; 7.81; 7.10; 
6.74; 6.39; 4.26. With a 29.35%0 solution, t h e  evacuation takes even longer; 
t he  A decreases progressively from -1.9" t o  -0.74' at  the end of 55 min; the 

solution, the A decreases f i r s t  rapidly from -2.24' t o  -1.5' and then successive- 
l y  and slowly t o  -0.95'. 
and duodenal juice Will show a considerable difference, with the  A a f t e r  20 min 
being equal t o  -1.9' i n  the stomach and t o  
t i o n  of chlorine per  l i t e r  i s  17.57 i n  the stomach and only 12.60 i n  the  duo- 
denum. 
secre t ion  is  produced and t h e  A which had been -2.47' changes progressively 
t o  -0.77' w h i l e  the  chlorine drops from 23%0 t o  5 . a .  

proportion of chlorine per  l i t e r  drops from 15.08 t o  5.68. With a 33.65$o /176 
A comparison of t he  concentration of gas t r i c  juice 

i n  t h e  duodenum; the  proporc 

With a 3% solution, t h e  pyloric evacuation i s  very slow; an abundant 

Finally, w i t h  a 77$0 solution, the evacuation becmes s t i l l  slower; an 
abundant secret ion of mucus takes place: 
-4.8' t o  -0.73', while the chlorine drops from 46.46 t o  7.10 pe r  l i t e r .  

The A decreases progressively from 

In summation, the  more strongly hypertonic the  absorbed solut ion i s  the 
more w i l l  i t s  pylor ic  evacuation be retarded: 
body f l u i d s  i s  established p a r t l y  i n  the stomach and p a r t l y  i n  the duodenum; 
this equilibrium apparently i s  approached much more rapidly than i n  the  case of 
hypotonic solutions.  The mechanism by which this equilibrium is  established i s  
highly complex; the  d i lu t ion  of the  l iquid by gas t r i c  and duodenal secret ions 
i s  not t h e  only responsible f ac to r  since,  i n  some cases, such a d i lu t ion  would 
require a secret ion of more than 2 l t r  of l iquid.  On t h e  other hand, one must 
consider the  f ixa t ion  of NaCl by the  mucous membranes and by t he  mucus as w e l l  
as the  p a r a l l e l  depletion of the solution. These hypotheses w i l l  be discussed 
fu r the r  i n  a l a t e r  paper. 

Molecular equilibrium with the  

A s  t o  the  differences i n  t h e  functioning of t he  pylorus, which follow the  
osmotic pressure of t h e  solutions,  they most l i ke ly  a re  due t o  a r e f l e x  whose 
or ig in  is i n  the duodenal wal l  which l a t t e r  i s  d i f f e ren t ly  affected by solut ions 
of d i f f e r ing  molecular concentration. 
ingest ion of an isotonic  solution, the gas t r i c  evacuation could be retarded and 
closing of the  pylorus could be obtained by simultaneously in j ec t ing  a few drops 
of a strongly Q e r t o n i c  solut ion in to  t h e  duodenum. 

I n  f ac t ,  we found tha t ,  even a f t e r  gas t r i c  

T h i s  opening and closing r e f l ex  of t h e  pylorus, i n  accordance with the  
molecular concentration, obviously has the  function of regulating the  course 
of gas t r i c  evacuation and by this very effect  controls the  process tha t  tends t o  
e s t ab l i sh  isotony of t he  ingested l iquids  before t h e i r  passage i n t o  t h e  circu- 
l a t i n g  blood. 3 
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